Abstract. Christine G, Budiarti S, Astuti RI. 2018. Diversity of urinary tract infection bacteria in children in Indonesia based on metagenomic approach. Biodiversitas 19: 1375Biodiversitas 19: -1381. Urinary tract infection (UTI) is a common bacterial infection in childhood in both males and females. The infection is usually caused by bacterial invasion of the urinary tract including the lower and the upper urinary tract. In Indonesia, to the best our knowledge, the diversity of urinary tract infection bacteria has not been reported yet. Therefore, the aims of this study were to identify the diversity of both culturable and unculturable bacteria in children diagnosed with UTI. In this study, urine samples were obtained from different age groups ranging 6-17 years. Analysis of 16S rRNA gene sequence showed eight culturable isolates (SBU1, SBU2, SBU3, SBU4, SBU5, SBU6, SBU7, SBU8) are closely related to Escherichia coli, Klebsiella pneumoniae, Enterobacter aerogenes, Citrobacter sp. and Acinetobacter sp. with maximum identity up to 98-99%. Diversity of unculturable bacteria community based on 16S rRNA gene was represented by 9 DGGE (Denaturing Gradient Gel Electrophoresis) bands. The nine respective bands showed the similarity ranging from 84 up to 96% with Klebsiella sp, Escherichia sp., Lactococcus lactic, Shigella flexneri and uncultured bacterium. Based on phylogenetic analysis, all culturable isolates belong to phylum Proteobacteria, which is dominated by family of Enterobacteriaceae. Interestingly, by using metagenomic approach, it is observed that bacteria belong to phylum Firmicutes were found in the UTI-diagnosed patients, in addition to those bacterial isolates from phylum Proteobacteria. To our knowledge, this is the first study to report the occurrence of Firmicutes and Proteobacteria in UTI-diagnosed patients in Indonesia.
INTRODUCTION
Urinary Tract Infection (UTI) is an infection of the urinary tract caused by invasion of pathogenic microorganisms (Mireles et al. 2015) . This diseases is one of the important causes of morbidity and mortality in children, and crowned as the second infectious disease which often attacks children after upper respiratory tract infection (Najar et al. 2009 ). The prevalence of UTI occurrence has different presentations for both men and women. Based on research conducted by Hidayah et al. (2011) , in Indonesia, from 200 children aged 1-10 years who were evaluated suffering from UTI there were about 33% men and 67% women. The main cause of UTI is mainly due to contamination of the urinary tract by normal perineal flora (rectum). In addition, factors that trigger infection also caused by abnormalities in the urinary tract (Minardi et al. 2011 ). According to World Health Organization (WHO 2011) , bacteria as the main cause of UTI in children are derived from Enterobacteriaceae group. This group of bacteria is generally a normal microbiota in human, especially in the gastrointestinal tract, but under certain circumstances, these bacteria can be pathogenic and cause infectious diseases including UTI (Giske et al. 2011) . Some species of this group have the ability to enter the bladder, and form biofilms that are resistant to the immune response (Salvatore et al. 2011) .
The early prevention approach to UTI disease is by maintaining sanitation or personal hygiene and antibiotic therapy. However, the use of irrational antibiotics would contribute to antibiotics resistance leading to the more severe infection-mediated bacteria. Another solution to prevent UTI is by vaccinations. Vaccination is an act of vaccine (antigen) that stimulates the formation of immunity (antibodies) of the immune system. However, to date, the development of vaccines to prevent UTI is limited. One of the obstacles is the microbial community profile that may involve in UTI infections is not revealed comprehensively. Moreover, the fact that 99% of these bacteria cannot be cultured under laboratory conditions (Kimura 2006) , while only 1% of them can be cultured, making it more difficult to develop the target of action of that UTI-vaccines. In Indonesia, the diversity of UTI bacteria has not been reported yet, thus studies diversity of both culturable and uncultured bacteria in UTI patients need to be conducted. This study aimed to analyze the diversity and abundance of culturable and unculturable bacteria in the urinary tract of the UTI patients. To have better understanding of the microbial community of both culturable and unculturable bacteria, we applied two different approaches, i.e., cultivated-based techniques for culturable bacteria, and metagenomic approach through Polymerase Chain Reaction-Denaturing Gradient Gel Electrophoresis (PCR-DGGE) based on the 16S gene rRNA for unculturable bacteria. This study may use to develop strategy for vaccine development in preventing UTI disease in Indonesia.
MATERIALS AND METHODS

Sample collection
Thirteen urine samples of children (10 samples of UTIdiagnosed and 3 non-UTI as control samples) from different age groups ranging 6-17 years (Table 1) , were collected from pediatric ward of Indonesia Red Cross Hospital, Bogor, West Java. Urine samples were transported to the Laboratory of Microbiology, Department of Biology, Bogor Agricultural University. Urine samples were kept in sterile container and held at 4-8ºC then processed within 24 hours after collection.
Isolation and characterization of cultured bacteria
Cultured bacteria were isolated by serial dilution and spread plate techniques. About 1 mL urine sample was serially diluted to final dilution of 10 -3 by using 0.85% NaCl solution. About 0.1 mL suspension from each dilution was spread on to Nutrient Agar (NA) and Eosin Methylene Blue Agar (EMBA) medium and incubated at 37°C for 24-48 hours. Colonies that showed distinct morphological appearances were subsequently purified. Pure cultures were then subjected to various morphological and biochemical characterization tests to determine the identity of the bacteria isolates. Morphological test performed was Gram staining, while biochemical tests used in the identification of microorganisms were IMViC (Indole Methyl red Voges-Proskauer Citrate) and hemolysis tests.
DNA extraction and quantification
Bacteria cultures were enriched in Luria Broth medium at 37ºC for 24 hours and genomic DNA was extracted using Presto TM Mini gDNA Bacteria Kit (Geneaid, Shijr, TPE, TW). On the other hand, metagenome of 13 urine samples was prepared by using Geneius TM Micro gDNA Extraction Kit (Geneaid, Shijr, TPE, TW). Total concentration of DNA genome was quantified by using NanoDrop 2000 spectrophotometer (Thermo Scientific, Wilmington, USA).
PCR amplification of 16S rRNA gene
The genomic DNA of each selected bacterial isolates was amplified using PCR T1-thermocycler (Biometra, Goettingen, Germany) apparatus. Primer used to amplify 16S-rRNA gene were 63F (5'-CAGGCCTAACACATG CAAGTC-3') and 1387R (5'-GGG CGGWGTGTACAA GGC-3') (Marchesi et al. 1998) . PCR amplification was performed in the total volume of 25 µL, each containing 12.5 µL GoTaq Green Master Mix 2x (Promega, Madison, WI, USA), 2.5 µL 63F and 1387R (10 pmol of each primer), ⁓100 ng of DNA template and 9 µL nuclease-free water. The PCR conditions were as follows: initial denaturation for 5 min at 94ºC and 35 cycles consisting of denaturation at 94ºC for 45 sec, annealing at 55ºC for 45 sec, 72ºC extension step for 1 min with post extension step at 72ºC for 7 min. The presence of DNA target band of expected size (1300 bp) was confirmed by 1% agarose gel electrophoresis.
Prior DGGE analysis, metagenome-derived urine samples were used as template from 16S-rRNA gene amplification by using primer pair of P338F-GC (5'-CGCCCGCCGCGCGCGGCGGGCGGGGCGGGGGCAC GGGGGGACTCCTACGGGAGGCAGCAG-3') and P518R (5'-ATTACCGCGGCTGCTGG-3') (Overeas et.al 1997) . Primer was set to fragment size of ±180 bp. The amplification was carried out using initial denaturing step of 5 minutes at 94 
DGGE analysis of the 16S rRNA gene
DGGE analysis was carried out using D-Code Universal Mutation Detection System (Bio-Rad, Hercules CA, US). As much as 25 µL (20 µL DNA + 5 µL Loading dye) PCR product was loaded in to vertical gel containing 8% (w/v) polyacrylamide gel (acrylamide-bis-acrylamide, 37:5:1). The denaturant gradient concentrations used were 30% and 70% (100% denaturant corresponded to 7 M urea and 40% (v/v) deionized formamide). The electrophoresis process was carried out at a constant voltage of 150 V, 60ºC for 6 h in 1x TAE buffer (Tris-acetate-EDTA). After electrophoresis, the gel was stained by 0.1% Ethidium Bromide (EtBr) for 15 min, followed by rinsing with 300 mL of 1× TAE buffer before observing the band in G: BOX Gel Documentation (Syngene, Frederick, MD, US). DGGE bands were analyzed using CLIQS 1D software (Total Lab) to estimate the DNA total and volume band appeared on polyacrylamide gel. Clustering analysis was conducted based on CLIQS 1D analysis result. Each DGGE bands were excised using sterile scalpel and stored in microtube containing 100 µL nuclease-free water. The products of DGGE were incubated at 4ºC overnight. Each supernatant was used as the template for re-PCR process with the primers P338F (without GC-clamp) and P518R. The re-PCR condition was the same as previous PCR condition 16S rRNA gene sequencing for culturable and unculturable bacteria, bioinformatics analysis and phylogenetic tree construction
The PCR products of the 16S-rRNA gene of each genomic and metagenomic DNA were sequenced in a commercial company (First Base Co.). The sequencing of 16S rRNA gene was analyzed using Seqtrace 0.90 for both assembling and trimming process. Homology analysis was done by Basic Local Alignment Sequence Tools for Nucleotide (BLASTN) approach. Phylogenetic tree was constructed by using the neighbor-joining method with bootstrap replication of 2000× in MEGA 6.0 (Molecular Evolutionary Genetics Analysis 6.0) software (Tamura et al. 2013) .
Statistical analysis of the DGGE profile was conducted by using software Paleontological Statistics (PAST3) (Hammer et al. 2001) . Gel image of DGGE-band pattern was analyzed by using software CLIQS 1D. Clustering analysis was done by using binary data profile of the respective band pattern. Dendrogram was then constructed by using software UPGMA MEGA 7.0 .
Ethical considerations
The research protocol was approved by the Ethics Committee of the Faculty of Medicine, Universitas Indonesia, Jakarta (No.16-10-298).
RESULTS AND DISCUSSION
The diversity of urinary tract infection bacteria based on 16S rRNA gene A total of 8 bacteria isolates were successfully isolated by using EMB Agar medium from 10 urine sample of UTIdiagnosed children treated at Indonesia Red Cross Hospital. The color of the isolates was varied within each isolate. Such distinct characters were also found in IMViC and hemolysis test (Table 2) . Most of the isolates were Gramnegative which mostly showed α-hemolysin activity. Almost entire isolates showed negative results for indole test, except for SBU1, SBU2, and SBU4. Voges-Proskauer test only showed positive results for isolate SBU3 and SBU5. Methyl red test showed that 5 isolates showed positive results, and SBU3, SBU5, and SBU7 that show negative result. Meanwhile, Citrate test showed that only isolates SBU6 and SBU8 showed positive results.
The 16S rRNA genes from the genomic DNA of eight isolates were successfully amplified using 63F and 1387R primers (Figure 1) . NCBI BLAST results of the cultured bacteria isolates SBU1, SBU2, SBU4 showed 98% with Escherichia coli strain CI5, Escherichia coli strain 275, Escherichia coli strain ST540 while SBU3 was 99% similar to Acinetobacter calcoaceticus strain NCTC7364, SBU5 was 98% similar to Enterobacter cloacae strain VRBG-62, SBU06 was 99% similar to Citrobacter braakii strain FDAARGOS 253, SBU7 was 97% similar to Enterobacter asburiae strain ATCC 35953 while SBU8 was 98% similarity to Klebsiella pneumoniae strain U25 (Table 3) . Results from a phylogenetic analysis indicated that seven isolates belong to a cluster of the family Enterobacteriaceae and only 1 isolated belong to family of Moraxellaceae (Figure 2 ).
The diversity of bacteria based on metagenomic 16S rRNA-targeted PCR-DGGE analysis
The DGGE analysis of total bacterial community showed 16 different bands from 13 urine samples ( Figure  3 .A), According to DGGE 16S rRNA gene profile, total bacteria in urine of children with urinary tract infections were varied (Figure 3.A) . However, only 9 bands were excised for further analysis. BLAST N analyses revealed that 9 bands were closely related with unculturable bacteria within 84%-96% of maximum identity (Table 4) . However, there were 4 DGGE bands which were closely Lactobacillus lactis (Band 1), Escherichia sp. (Band 3), Klebsiella sp. (Band 4), and Shigella flexneri (Band 9). The phylogenetic tree showed that 9 bands were separated in to 2 clusters (Figure 4 ), band 1, 2, and 7 were cluster together (Cluster 1) and were closely related with Lactobacillus and Unculturable Bacterium. Other bands (band 3,5,6,8,9) formed a group (Cluster 2) that were closely related with Escherichia, Klebsiella, Unculturable bacterium and Shigella. Both cluster I and cluster II were separated from the outgroup (Pyrolobus fumarii). Clustering analysis was performed to assess genetic relatedness among the samples Figure 1 . Photograph of PCR amplification products (amplicon) of 16S rRNA (1300 bp) using primer 63 and 1387R visualized on 1.5% agarose gel. Lanes from left to right: 100 bp marker (M), SBU1 (1), SBU2 (2), SBU3 (3), SBU4 (4), SBU5 (5), SBU6 (6), SBU7 (7), and SBU8 (8) Figure 2 . Phylogenetic tree of isolates bacteria from children urine diagnosed-UTI based on 16S rRNA genes sequences comparison. The tree was constructed from the isolated 16S rRNA bacterial sequences with their respective reference sequences from GenBank. This tree was analyzed by the neighbor-joining method in MEGA7 using p-distance. Chromobacterium violaceum was used as an out-group. Numbers at the nodes indicate the percentages of branch support of 2,000 bootstrap replicates. Bar 0.02 indicates nucleotides substitution per site based on the banding pattern from DGGE profiles. Interestingly, community of bacteria within urine samples shares relatively similar diversity. In instance, urine 8, 9, and 10 were in one cluster, which means that the bacterial diversity holds high similarity. Likewise, urine 2-urine 3 and urine 4-urine 6 inhabited the same cluster (Figure 3.B) . Another interesting observation was that diversity was present from urine sample with similar characteristic, i.e., urine 5 and 3 were found to be more different from each other. Similarly, urine 1 and urine 2 samples were also in a separate cluster.
Discussion
The diversity of urinary tract infection bacteria based on 16S rRNA gene UTI is the second most common site of bacterial infections in humans. Studies revealed that the causing bacterial agent of UTI infections belongs to the Enterobacteriaceae group (Prakash and Saxena 2013; Tarsali et al. 2013 ). This group of bacteria is known as one of human microbiome. The results of our study showed all isolates were Gram-negative bacteria, this was in accordance with the results of Dimitrov et al. (2004) and Abubakar (2009) . The isolates had varied in hemolysis test and biochemical properties (Table 1) but morphologically similar based on biochemical characters. Most of the isolate showed common characteristics of the Enterobacteriaceae group Based on biochemical properties.
Molecular characterization using 16S rRNA sequences was indicated that seven isolates were included within Enterobacteriaceae and one isolate was within Moraxellaceae. Chaudhary and Murthy (2013) had reported that Enterobacteriaceae include species of E. coli, K. pneumoniae, C. braakii, E. cloaceae and E. Asburiae were the causal agents of UTI both in adult and children. We also obtained culturable Acinetobacter from the family of Moraxelaceae from the urine samples that were also found in the previous study by Sanjeev et al. (2013) . Most of the bacteria observed in this study are expected as pathogenic organisms that cause urinary tract infection. Figure 4 Phylogenetic tree of unculturable bacteria from children urine diagnosed-UTI based on 16S rRNA sequences. The tree was constructed from the isolated 16S rRNA bacterial sequences with their respective reference sequences from GeneBank. This tree was analyzed by the neighbor-joining method in MEGA7 using Tamura3-Parameter. Pyrolobus fumarii was used as an out-group. Numbers at the nodes indicate the percentages of branch support of 2,000 bootstrap replicates. Bar 0.02 indicates nucleotides substitution per site
We also observed the presence of bacteria in the urine of non-UTI samples, such as Staphylococcus epidermidis. Meanwhile, Enterobacteriaceae group such as E.coli that is a common cause of UTI was not detected in our study. Staphylococcus epidermidis is a mostly found as human skin microbiota but usually not regarded as the causative agent of UTI in children with no pre-existing conditions. Hagler and Dobkin (1990) stated that this organism was commonly associated with UTI's patient of indwelling urinary catheters and other instrumentation in the urinary tract. Staphylococcus epidermidis is considered as a contaminant when it is grown in healthy urine sample.
The diversity of bacteria based on metagenomic 16S rRNAtargeted PCR-DGGE analysis
The bacterial communities of 13 urine samples were analyzed by PCR-DGGE method. The presence of the DGGE band is used to describe the shape of community structure, diversity, and relatedness among the samples (Han et al. 2014) . The results of our findings suggested that all urine samples diagnosed-UTI have different diversity compared to those of the non-UTI samples. Urine sample 3 (urine of diagnosed-UTI) showed as the highest bacterial diversity than the other urine samples. Such condition may likely facilitate the colonization of bacteria in the vaginal wall, rectum, urethra and move up into the ureter and bladder (Fouts et al. 2012) . Population and microbial diversity can be affected by several factors such as gender, urine characteristic, and severity of illness suffered (FloresMireles et al. 2015) .
Metagenomic analysis showed that urine sample is mostly colonized by bacteria identified as uncultured bacteria. Three bands were identified as Proteobacteria and the other one band was Firmicutes. The occurrence of these bacterial phyla has also been reported previously in various studies by using either culture-dependent methods (Liu et al. 2017) . In our study, we observed bacterial isolates belong to Gammaproteobacteria, these included Shigella flexneri, Klebsiella sp., and Escherichia sp. Those bacterial isolates were found as members of the normal intestinal microbiota of humans and animals, and were reported to cause infection including urinary tract infection (Dhingra 2008; Nielseen et al. 2014) . Firmicutes bacteria found in this study was Lactococcus lactis, that was commonly used in manufacturing dairy products and rarely considered as pathogenic in humans. However, these species cause significant clinical infections in immuno-compromised patients (Newby 2014) . Some studies (Glikman et al. 2010; Topcu et al. 2011; Uchida et al. 2011) have reported that Lactococcus infected cases included brain abscess, catheter-related bacteremia, meningitis and septicemia, especially in children. This is the first study to reveal the microbial diversity of bacteria in urine sample of UTI-diagnosed children in Indonesia. Most of the isolated bacteria were considered as pathogen, based on hemolysis assay. The diversity of bacteria comprises both cultured and uncultured bacteria. The combined culture and DGGE approaches provide an informative appraisal of the urinary tract infection bacteria diversity. According to phylogenetic analysis of culturable bacteria with 16S rRNA genes, that most of them are Enterobacteriaceae group, only one was closely related to Moraxellaceae group, however, all isolate identified as a group of Proteobacteria. In addition phylogenetic analysis of DGGE based on 16S rRNA genes showed that most of them are uncultured bacteria, only four were identified as a group of Proteobacteria and Firmicutes.
